Abstract: The radical amplifier is an instrument used to measure radical concentrations in the troposphere. The critical parameter in determining the sensitivity is the chain length, which is shown to decrease with increasing water vapour in the reactor. When compared to measurements in dry air, this decrease is a factor 2 at a relative humidity of 40%. This suggests that field measurements using the radical amplifier may be underestimating the ambient radical concentration by a similar factor. One source of this deterioration in performance is an increase in the loss of radicals to the walls of the reactor, although there also appears to be a contribution from a water dependence on the gas phase chemistry.
Introduction
The radical amplifier is a technique used to determine total radical concentrations in the atmosphere ( 
and so also participate in the chain. Radicals are lost from this chain through gas phase termination reactions, or to the walls of the reactor such as:
HO 2 + wall -. radical loss
The average number of times a radical cycles through the chain propagation reactions before being lost, which in typical systems is 100-150 times, is the chain length. Since one NO 2 molecule is produced each time a radical passes through the cycle, the radical concentration can be determined from the NO 2 concentration produced by this chemistry divided by the chain length. Thus the chain length is a critical parameter in determining the sensitivity of the radical amplifier.
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As with any indirect measurement, the quality of the radical amplifier measurements is only as good as the understanding of the technique. In this paper we report on the preliminary results of a laboratory study into the impact of ambient water concentrations on the performance of the radical amplifier, specifically the chain length. Given the high, and variable, concentrations of water in the atmosphere, any sensitivity would have a marked impact on the use of the technique in field studies.
Experimental
The radical amplifier used in this laboratory study is based on that of Arias and Hastie (1996) There are two ways to deal with the water sensitivity. The first is by performing radical calibrations as a function of relative humidity and collecting ambient humidity data in conjunction with the radical measurements. The second is to redesign the radical amplifier to minimise the impact of ambient water vapour. In cases where the termination is dominated by the loss of radicals to the walls, the problem can be minimised by lowering the relative humidity. The reactor could be heated, but this would increase the rate of radical production from stable species such as PAN, and so would compromise the radical measurements in many environments. The reactor could be operated at low pressure, but this would also decrease the rates of all reactions and force a re-evaluation of the technique. The removal of water using membrane tubing or cooling the gas, as in other applications, seems unrealistic given the reactivity of the target radicals. Thus there does not appear to be a universal, simple method to overcome the water sensitivity identified here.
Conclusion
The radical amplifier as it is currently deployed has been shown to be adversely affected by ambient levels of water vapour that could make measurements severely underestimate the actual concentrations. The effect is at least partly due to an increased rate of radical loss to the walls of the reactor in the presence of water, but there also appears to be a contribution by the gas phase chemistry. Additional kinetic data on the reactions of radicals and NO x in the presence of water are needed. Calibration of this instrument at varying relative humidities appears to be the only method to overcome this problem as no viable method for modifying the instrument is suggested. •5
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